Coastal zone sensitivity mapping and its role in marine environmental management by TORTELL, P
Marine l'olhttion Bulletin, Volume 25. 1-4, pp. 88-93,  1992. 0025 326X/92 $5.00+ I).00 
Printed m Greal Britain. © 1993 Pergamon Prcss Ltd 
Coastal Zone Sensitivity Mapping and 
its Role in Marine Environmental 
Management 
PHILIP TORTELL 
Environmental Management Limited, P.O. Box 17391, Wellington 6005, New Zealand 
The successful management of the coastal zone requires 
reliable and accurate information which must be 
available in a 'user-friendly' format. The most effective 
instruments for providing such information are resource 
maps and atlases. The paper discusses the characteris- 
tics of a 'good' atlas including general design and layout, 
cartography, symbols and legend, vulnerability index 
and text. Computer technology as applied to mapping is 
also briefly discussed. The paper ends with comments 
on project design and management for the successful 
production of an atlas which will serve as a versatile tool 
for coastal zone management. 
The coastal zone is a complex, dynamic environment, 
perhaps more so than any other environment. I  is being 
subjected to increasing demands by a growing human 
population which seems to have a preference to settle, 
live, work and play in the coastal zone. In its report on 
The State of the Marine Environment, GESAMP (1990) 
concluded that, "In contrast to the open ocean, the 
margins of the sea are affected by man almost every- 
where, and encroachment on coastal areas continues 
worldwide.. '.' 
It is the task of managers to seek a wise balance 
between the many conflicting demands being made on 
the coastal environment, ensuring that its limits of toler- 
ance and its capacity for sustainability are not exceeded. 
In order to do this they need a comprehensive database 
giving them a holistic view of the resources, the 
demands, and the various direct and indirect inter- 
relationships. The best representation f such a database 
is a 'resource' map. 
A resource map can collate, analyse, synthesize, and 
apply large amounts of information in a simple, visual 
representation. It is the opportunity to juxtapose 
resource data, demands, potential impacts, and the 
various factors influencing them, on to a single, spatial, 
graphic representation, that makes a resource map such 
a versatile and sound basis for decisions on resource use. 
Table 1 adapted from Perrotte (1986), illustrates the 
range of resources, demands, conflicts and issues that 
can be featured in such a map. 
In addition to being an excellent tool for professional 
TABLE 1 
Data that can be featured ina coastal map. 
Maritime shipping operations and navigation lanes 
Ecological sanctuaries and other protective measures 
Tourism and recreational f cilities and uses 
Administrative boundaries and zones 
Mining and other extractive uses 
Coastal erosion, storm and other hazards 
Landscape and aesthetic values of the coastal zone 
Commercial port facilities 
Solid wastes dumping sites 
Discharge points for liquid wastes 
Historical damages resulting from oil spills 
Historical impacts of reclamations 
Fisheries production a d method used 
Oil and gas exploration a d extraction 
Aquaculture production and processing 
Conservation f heritage and historic resources 
Socio-economic fa tors in coastal zone management 
Power generation facilities 
Industrial developments and infrastructure 
Oil spill contingency planning 
Demographic data for coastal zone use 
managers of coastal resources, a good coastal map 
works in other ways to enhance the protection and wise 
use of coastal resources. It can expose weaknesses in the 
available information base, thus helping to focus 
research efforts and direct scientists to areas that require 
attention; it can inform members of the public, making 
them more sensitive to the multiple issues that need to be 
resolved, rarely without some cost; it can serve a:~ a 
source of educational material at the secondary and 
tertiary levels; it can provide a good early guide for 
developers of tourist facilities as to where potential 
attractions might be located as well as an indication of 
potential conflicts; it can serve at least as a good 
departure point for an assessment of the environmental 
impacts of proposed evelopments; and a good map can 
also provide an excellent record, and a subsequent 
measure, for policies, objectives, and goals adopted for 
coastal zone management. 
Many coastal maps and atlases have been produced 
as companion volumes to oil spill contingency plans. 
With a bit more thought and without sacrificing the 
requirements of the On-Scene Controller, these maps 
and atlases could have easily accommodated a ditional 
information and thus increased their appeal and 
versatility. 
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Desireable Qualities of a 'Good' Map or Atlas 
Before it can be expected to fulfill its potential as a 
versatile tool for coastal zone management, a map or 
atlas must possess certain characteristics and qualities. 
Tortell (1983), Perrotte (1986), and Ramster (1986), 
among others, have reviewed coastal atlases and a 
consensus i starting to emerge as to what constitutes a 
'good' coastal resources map or atlas. 
The International Maritime Organization (IMO) 
together with the United Nations Environment Pro- 
gramme (UNEP) and the International Hydrographic 
Bureau (IHB) convened an Ad Hoc Expert Consulta- 
tion on Mapping and Charting in Relation to the Protec- 
tion of Sensitive Sea Areas (Tortell, 1992) to review the 
state-of-the-art regarding coastal resources mapping. 
The meeting recommended in favour of harmoniza- 
tion of approach (including symbology, presentational, 
and other aspects) for coastal mapping and atlases. This 
will not bind anyone but will act as a guide to those plan- 
ning such projects, especially those from developing 
countries. In situations where, for varied reasons, the 
proposed 'standard' symbology or approach cannot be 
implemented, it would be useful to have criteria to guide 
those designing their own symbols or approach. 
It was acknowledged that different maps may well be 
needed for different purposes and the type of map 
needed epends on the requirements of the users. There 
is, therefore, a need to identify early on the priority user 
for whom the maps are being prepared, determine the 
needs of this user and structure the maps in order to 
satisfy these needs. It is desireable to also attempt o 
accommodate the requirements of other, secondary 
users without jeopardizing the requirements of the 
priority client. 
These and other requirements for a successful map or 
atlas of coastal resources are discussed in some detail 
below. 
General design and layout 
The size of a map, and more so the size of an atlas, is 
one of the main production decisions that has to be 
made very early on and which will have a bearing on 
how practically useful the document will be. Most 
libraries and other organizations are equipped to handle 
oversize publications. However, this capability is not 
found in all offices, or schools, and certainly not in the 
average home. In an attempt o overcome this problem, 
the New Zealand Atlas of Coastal Resources (Tortell, 
1981) was bound in soft vinyl covers, rolled up, and sold 
in its own storage cylinder. While this may have solved 
the storage problem, it created ahandling one since each 
time the atlas was taken out of the cylinder it needed to 
be unfurled and it was a challenge to keep it flat. 
The scale at which maps are drawn is a very important 
feature as it reflects the level of detail possible. Depend- 
ing on the needs of the priority user, at one end of the 
range is the broad-brush complete picture which lacks 
some detail, as in the New Zealand Atlas of Coastal 
Resources (Tortell, 1981) at a scale of 1:500 000 and 
600 mm by 425 mm in overall size. At the other end of 
the range is the more detailed, localized picture such as 
that provided by maps of the shore and sub-tidal 
habitats of the Cape Rodney--Okakari Point Marine 
Reserve (Ayling et al., 1981) in New Zealand, which were 
drawn at a scale of 1:2000 and printed on 800 mm by 
900 mm sheets. 
In addition to the detail required by the priority user, 
and therefore the scale at which the maps will be drawn, 
one further factor is important when determining the 
final size of the maps or atlas--this is the physical 
character of the terrain which will be depicted in each of 
the maps. It is very desireable for each map to carry 
complete coastal entities--peninsulas, small islands, 
embayments, and similar coastal features hould not be 
bissected if at all possible. Regardless of whether 
physical features are split between map sheets, but 
especially if they are, it is important to allow a generous 
amount of overlap between contiguous maps. This 
overlap is also handy if the maps are likely to be pasted 
up to assemble an entire stretch of coastline. Such a use 
of the maps would also be assisted by the maps being 
'bled on', i.e. printed fight to the edge of the sheet with no 
frame or margin. This also helps to make better use of 
the page space. 
Cartography, Symbols and Legend 
"The map user should not be faced with the daunting 
task of fighting his way through a graphics jungle" 
(Bradley, 1983). In other words, a map must be 'user- 
friendly'. It should not overwhelm the reader but convey 
an instant message and stimulate closer examination. 
The map must provide just enough information to 
convey the message in a clear, organized, and unam- 
biguous manner, portraying the various classes of 
information simply and in the correct visual order, and 
maintaining their relative degree of importance. 
Having determined the amount of information to be 
carried by each map and selected a good base map, at 
the appropriate scale and with a clear visual contrast at 
the land-sea interface, the next task is to plan the use of 
colour, contrast and balance. These three elements are 
used to separate out the various classes of information 
on the map, assigning obvious visual priority for the 
reader. 
Symbols are determined next, and these are a most 
important element in a resource map. Clear, picto- 
graphic symbols which are easily understood by the 
reader contribute significantly to the succesful transfer 
of information. Figure 1 compares ome of the symbols 
used in Tortell (1981) with those in the Passamaquoddy 
Marine Resource Pilot Study." Fisheries (Maritime 
Resource Management Service, 1982). A more compre- 
hensive collection can be found in Modley (1976). 
The IMO/UNEP/ IHB meeting (Tortell, 1992) noted 
that the maritime community already has a recognized 
set of symbols for charting purposes. For example, the 
International Hydrographic Office (IHO) has adopted a
system of delimiting 'restricted areas' and 'prohibited 
areas' using a combination of symbols and colours in a 
standard fashion. The meeting also concluded that the 
symbols used for paper products must also be extended, 
with as few changes as possible, to electronic products. 
89 
Marine Pollution Bulletin 
j ' - '~  
/ 
/ 
/ / /  • . / / / / /  
"Nt . 
\ 
\ 
\ 
\ 
\ 
® 
@ 
-.: . 
" l  
\ . k  / / ( /  
/ 
L L 
L 
"~ XL X LX 
L L XX x 
S S 5 S S 
5 55 SS S S S 
5 S S S S S S 5 5 
S 5LS S~. :$ S 
$L 
S~s 
55 S' SL s 
5 $5  
s { '  
55 5 L 
s t s l  
5S $L 
s~ks t 
ss ~:  
s~.u 
. ss  s .~', 
L L 
L o ~ \  
0 Y 
L L 
L L I 
XL x L 
L L x 
Lords 
)EER 
AND ~" 
Leonardvil 
)u r  
X X 
X 
LL  
L 
L~t. 
Fig. 1 A comparison of the symbols used to represent various coastal 
resources--New Zealand Atlas of Coastal Resources (Tortell, 
1981) on the left; and Passamaquoddy Marine Resource Pilot 
Study." Fisheries (Maritime Resource Management Service, 1982) 
on the right• 
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These hydrographic symbols hould form the departure 
point for the current attempt at standardization. 
In spite of all efforts to make symbols easily under- 
stood, a reader will still need to refer to the legend, and 
this is a key element in the effective use of the map. 
Attention needs to be given to the structure and layout 
of the legend to avoid confusion. Consideration should 
also be given to the location of the legend within the 
document. When placed at the beginning of a bound 
w)lume of maps, as is often the case, it does not assist he 
reader. If carried on each map it leads to boring repeti- 
tion and uses valuable map space. The most effective 
approach is with the legend printed on the very last page 
which unfolds so that the legend comes to lie fight beside 
each map without cluttering the map itself (Markham, 
1981; Tortell, 1981). 
Classification of the Coast (Sensitivity~Vulnerability Index) 
Classification of the coastline according to its 
vulnerability to oil spill impact was first proposed by 
Gundlach & Hayes (1978). This followed their observa- 
tions of the variable impact sustained by different 
coastal types following oil spill events. Such a classifica- 
tion based on coastal geomorphology, degree of 
exposure to wind and wave action, and likely persistence 
of oil, has been determined with minor modifications, 
for a number of coastal environments from the Arctic 
(Michel et al., 1978), to the tropics (Gundlach & 
Murday, 1989), to the Antarctic (Gregory et al., 1984). 
The Sensitivity/Vulnerability Index is not an essential 
part of the coastal resources map. However, it is a 
valuable addition to the information contained in a 
coastal atlas, even if it is not intended to be used to 
combat oil spills. 
The symbols used to depict various coastal types 
should be selected according to the same criteria used 
in the selection of other symbols. It is particularly 
important for the symbols to suggest as far as is possible, 
the coastal type that they are meant o represent. In this 
connection, the use of different colours on their own is 
not recommended. Colours do not mean anything in 
themselves and continuous reference will have to be 
made to the legend. The distinction between colours is 
also completely lost in photocopying and facsimile 
transmission, thus limiting the application of the maps. 
Figure 2 is a photocopy illustrating the coastal type 
symbols used in the New Zealand Atlas of Coastal 
Resources (Tortell, 1981), and the Coastal Sensitivity 
Atlas of Mauritius for Oil 5"pill Response (Gundlach & 
Murday, 1989)--the advantages of not relying on colour 
are obvious. 
Text 
Many coastal resource atlases do not contain a text, 
except perhaps for a short explanatory note on the maps. 
Those that attempt o have an accompanying text have 
yet to discover an effective design for the text pages to 
overcome the problems of size and shape. This is quite a 
challenge for book designers. 
One recent atlas that can claim some success in 
integrating the text with the maps, is the Coastal Sensi- 
tivity Atlas of Mauritius for Oil Spill Response (Gundlach 
Coast (in order of decreasing sensitivity.) 
Estuarine salt marsh and 
mangrove swamp 
Protected estuarine and 
tidal fiats 
Sheltered rock 
Gravel, cobble and 
boulder beaches 
Mixed sand and gravel 
beaches 
Exposed tidal flats 
Steeper medium to coarse 
grained sandy beaches 
Flat fine grained sand)" 
beaches 
Eroding wave cut platforms 
Exposed rock and cflff 
S.[. 
SHORELINE TYPES 
1. Exposed Cliffs ~ 6. Exposed Tidal Flat 
i 2. Beach Rock [ J 7. Sheltered Rocky shore 
[ ~  26. Low Basalt ~ 8. Corat Reef 
~1~ 2C. Seawall ~ 9. Sheltered Tidal Flat 
13.  Exposed Boulders 110 ,  Marsh 
r ~  4. Sand Beach m lOB. Mangrove 
m 5. Mixed Sand/Gravel m I1 Budt-up zones 
Fig. 2 Photocopied reproduction ofsymbols used to depict coastal type 
and Oil Spill Sensitivity Index. The upper example is from New 
Zealand Atlas of Coastal Resources (Tortell, 1981); the lower is 
from Coastal Sensitivity Atlas of Mauritius for Oil Spill Response 
(Gundlach & Murday, 1989), illustrating the difficulties created 
by photocopying, having relied on colour to distinguish between 
different coastal types. 
& Murday, 1989). This atlas has used text and photo- 
graphs facing each map to provide additional infor- 
mation to that carried on the maps. Unfortunately, there 
are some serious discrepancies between what the text 
says and what the maps show, but the arrangement 
adopted is a good one. 
Computer Application 
Computer technology can be used to automate or 
assist in the production of an atlas. Computer-assisted 
cartography can speed up the production of maps and 
achieve a more accurate and reliable product than is 
usually possible manually. Scale is flexible and it is 
possible to update information as required. Likewise, the 
design, layout and setting of both text and maps can be 
enhanced though the application of computer tech- 
nologies which have become commonplace for most 
book production. In the case of maps there is the added 
attraction provided by the possibility of digitizing the 
entire map. As long as the appropriate electronic 
hardware including a colour plotter, is available, it is 
possible to 'tailor-make' the printed map according to 
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requirements. It is also possible to produce with ease, 
new and updated versions of the same map. 
Significant advances have occurred in the storage, 
analysis and retrieval of coastal resources data (Strong & 
Sempels, 1986). Geographic Information Systems (GIS), 
allow more rapid, powerful and comprehensive analysis 
of data, an iterative valuation of changing scenarios and 
circumstances, and the integration and overlaying of 
data from different sources, formats and scales within a 
common geographical matrix (Dobbin, 1990; Butler et 
al., 1986). This makes the GIS a more attractive tool 
than the traditional paper map for the coastal zone 
manager who is equipped with the required technology 
(also see Ricketts, this volume). 
Table 2 adapted from NERC (1990), provides a 
comparison between a paper atlas and an electronic 
product. NERC (1990) found that the strongest demand 
from potential users was for a bound, paper, atlas-type 
product, and that a digital atlas was not required. Faced 
by this reaction, NERC argued that this was probably 
due to the users' unfamiliarity with computers and that it 
was only a matter of time before computer-literacy 
overcame this. However, it is not enough to be 
computer-literate. One must have access to both 
hardware and software, and these are not likely to be 
widely and freely available in the forseeable future in 
many developing countries except in academic, 
research and similar institutions. 
It is argued that the constituency sought for resource 
maps and atlases is wider than those who have access to 
the latest computer technology. Therefore, in deference 
to the majority of potential users which include coastal 
zone managers in developing countries and interested 
members of the general public anywhere, resource maps 
and atlases are still required in the traditional, hardcopy 
paper format hat the NERC respondents described. 
TABLE 2 
Comparison of some features of paper and electronic maps. 
Feature Paper Electronic 
Capital cost Medium Very high 
Unit cost Low Low 
User investment Very low High 
Mode of update New sheet New disc 
Ease of use Very easy Needs training 
Flexibility Inflexible Flexible 
Query Difficult Easy 
Information extraction Visual Printed 
Highlighting/suppression At compilation Continuous 
Updating Over-printing Continuous 
Data manipulation Not possible Easy 
Compatibility At compilation Possible 
Standardisation Very possible Unlikely 
Portability Very easy Not so easy 
Project Management 
The IMO/UNEP/IHB meeting (Tortell, 1992) agreed 
that project management is an essential nd integral part 
of the production of good quality and user-friendly 
maps, whether these are the traditional paper maps or 
computer-based products. Normally the production 
of coastal resources maps is a multi-disciplinary task 
requiring the cooperation and input of those providing 
data, through to text editors, cartographers, printers, and 
end users. These contributions eed to be managed and 
a single person must have overall responsibility for the 
final product. 
The organizational structure required for such an 
undertaking is likely to involve many persons directly, 
many more indirectly, and a complex system of inter- 
actions between them which must be carefully managed 
(Tortell, 1983; NERC, 1990). They each have their 
particular and important role to play but some roles are 
more important han others for the success of the 
venture. 
The most crucial position is that of the Project 
Manager. It is this person who will translate policy 
decisions into directions for each member of ~he 
Working Group, coordinate the multiple inputs from ~he 
various parts of the structure, and ultimately accept 
responsibility for the final product. The lack of an 
overall Project Manager is the most likely cause of ~he 
disappointing end-product in the case of the Coastal 
Sens#ivity Atlas of Mauritius for Oil Spill Response 
(Gundlach & Murday, 1989). This atlas seems to have 
been prepared in segments, by different experts, without 
the essential melding together into one cohesive 
document. The result is a number of shortcomings, the 
most serious of which is the conflict between infor- 
mation in the text and in the maps (Tortell, 1990). 
The Project Manager is the person to whom 
accolades are directed as the representative of the entire 
production team. But he or she must also bear the criti- 
cism and accept responsibility for anything that has gone 
wrong. With a single lead person such as a Project 
Manager or Editor-in-Chief responsible for the final 
product, it is less likely that anything will go wrong! 
Conclusions 
A map or better still, an atlas, of coastal resources~, is 
an efficient ool for managers of the coastal zone. A 
'good' atlas is also useful to numerous other profession- 
als as well as the general public. 
The desirable characteristics of a good coastal re- 
sources atlas have emerged through trial and error but a 
consensus has developed on what standards and criteria 
can be recommended to those contemplating such 
atlases. A joint IMO/UNEP/IHB initiative is consider- 
ing the development of guidelines for this purpose. 
In spite of the advancement of GIS and other 
electronic systems for manipulating digital data, there is 
still a need for the hard-copy paper atlas, at least for the 
forseeable future. 
The production of a coastal resource atlas is a major 
undertaking and the successful outcome depends on 
proper planning and efficient project management. 
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